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A method is described for measuring the entrance into 
excised skin of ultraviolet radiation absorbing chemicals 
(UVRACs) following their application to the cutaneous 
surface in volatile, partially volatile, or nonvolatile ve-
hicles. Also a method is presented for observing changes 
in optical density (OD) of a sheet of stratum corneum 
subsequent to the application of an UVRAC and then 
washing it from the surface. 
Using these methods, p-aminobenzoic acid (PABA) and 
2 -ethylhexyl p-dimethyl aminobenzoate (O-PABA) have 
been studied. In the presence or absence of the nonvol-
atile vehicle, isopropyl myristate (1M), significant 
amounts of PABA enter the skin but almost all of the 0-
PABA remains on the surface. Nevertheless subse-
quently PABA is more easily removed by water than is 
O -p ABA. When either UVRAC is applied to excised stra-
tum corneum, the OD of the tissue increases immedi-
ately; only with PABA is there a further increase as it 
enters the skin. In vivo, delayed erythemal responses to 
280-400 nm radiation of persons to whom the UVRACs 
are applied correlate well with the observations made 
on excised skin. 
Sunscreens are commercially available preparations, which 
when applied to the sw-face of the skin protect most Caucasians 
from sunburn when the sun exposure has been reasonable. 
These preparations contain chemicals which are capable of 
absorbing ultraviolet radiation (UVRACs) in vehicles of varying 
composition and physical characteristics. The protection of-
fered by sunscreens and their ability to resist removal by 
swimming, bathing, exercising, etc. (substantivity) are com-
monly evaluated by simulated usage tests. For such testing, the 
amount of sunscreen applied is similar to the amount custom-
arily applied by the average user and the test subjects are 
exposed to sunshine or artificial radiation closely simulating 
sunshine. Such tests are important but they are seldom de-
signed so as to compru'e one specific URV AC with another and 
they yield limited information regarding the mechanism of any 
changes in protective capacity or of substantivity. We have 
developed laboratory methods which observe the transfer of an 
UVRAC from the vehicle into the skin and the resultant 
changes in the protective capacity. Also we have observed 
removal of the UVRAC by water. 
Vehicles used in sunscreens may be quickly volatile, pru-tially 
volatile, or so slowly volatile as to be practically nonvolatile. 
When the entire vehicle is quickly volatile, as with ethanol, the 
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UVRAC is deposited on the skin sW"face in the pure state, 
either as crystals or as a liquid depending on its melting point. 
After reaching the skin sW"face, the UVRAC may remain there 
or may enter the stratum corneum. Once in the stratum cor-
neum, the chemical diffuses through it and enters the viable 
epidermis and papillary dermis from which it may be absorbed 
into the bloodstream. 
The chromophore which is responsible for sunburn is not 
known but most likely it lies below the level of the stratum 
corneum. Therefore, an UVRAC will function to protect the 
target tissue if it remains on the surface or is within the stratum 
corneum. There are only limited data to indicate if a chemical 
protects the target tissue more or less effectively if it leaves the 
surface and enters the stratum corneum. For the most part, the 
entrance ofUVRACs into the skin following topical application 
has not been investigated quantitatively. The presence in the 
skin of a radiolabeled cinnamate following topical application 
was recently demonstrated by autoradiography [1]. 
The use of PABA in a volatile vehicle (ethanol-water) as a 
sunscreen has been investigated extensively [2, 3]. Changes in 
the absorption characteristics of hairless mouse skin following 
the application of UVRACs in various vehicles have been 
studied by Sayre and associates [4,5]. This group demonstrated 
that PABA is commonly deposited on the skin as crystals. They 
also state that PABA's "protective action against sunburn in 
humans derives from a combination of its absorption as crys-
talline deposits on the skin surface together with the contribu-
tion of the absorption of PABA in solution within the skjn 
layers." [5]. 
Substantivity has been studied under usage conditions by 
Pathak, Fitzpatrick, and Frenk [2J and to a limited extent in 
the laboratory by Brenner, Gschnait, and Greiter [lJ and Cum-
pelik [6]. The mechanism or mechanisms by which sunscreens 
resist removal and remain effective are not clearly understood. 
Do they resist removal by water because of: (1) limited solubil-
ity; (2) incorporation in a water insoluble vehicle; (3) entrance 
into the skin; (4) binding to some constituent of the stratum 
corneum; (5) a stratum corneum/ water partition coefficient 
which favors retention by the t issue; or (6) some umecognized 
mechanism? 
We have followed the penetration into the skin of 2 commonly 
used UVRACs, PABA and O-PABA, and subsequently their 
removal by water. We have 'observed any changes in their 
ability to absorb UV radiation and to protect underlying tissues 
if they leave the surface and enter the skin. Also we have 
observed the effect of entrance into the skin on their subsequent 
removal by water. 
MATERIALS AND METHODS 
M easurement of Entrance of UVRACs into Excised Hum.an kin 
Full-thickness, human abdominal skin obtained at autopsy is im-
mel"sed in water at 60°C for 30 seconds. As a result of this treatment 
the epidermis may be easily separated from the dermis but in this type 
of ·experiment the separation itself is delayed. We have used this 
technique fOI" sepamting skin fOI" many years and have found that. this 
method of heat treatment does not resul t in significant alterat.ion of 
the barrier capacity of the stratum corneum. Small changes, if they 
OCC UI", are obscured by natural biological variations in skins from piece 
to piece. 
The skin is removed from the water and blotted dry; a disc is cut and 
placed on one half of a diffusion chamber [7J with the dennis towards 
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the cell. An ethanol solution of I·C-labeled UVRAC ('·C PABA: Cali-
fornia Bionuclear Corp., Sun Valley, CA: 14C O-PABA: Beacon Hill 
Research Foundation, University of Washington School of Medicine, 
Seattle, Washington) is dropped on to the epidermal surface. T he 
ethanol evaporates and the I·C-labeled UVRAC is deposited onto the 
surface as the pure chemical. The resultant amount of UVRAC per unit 
area of skin will depend on the amount and concentration of ethanol 
solution and the area over which the solution spreads. Usually 5 III of 
solu tion were used and spread over approximately 1 cm2 with the 
resultant concentrations of 20 to 50 llg/cm2 • PABA had a specific 
activ ity of 7.7 mC/ mM and O-PABA 2.0 mC/mM. 1M, as a nonvolatile 
vehicle, may be added to the original ethanol solut ion and will remain 
on the skin with the UVRAC after the ethanol evaporates. Usually we 
used a solu tion containing 5 ml 1M and 95 ml ethanol; when 5 III of this 
solution is used 0.25 III 1M will be deposited on 1 cm" of skin. 
Five microliters of the UVRAC solution are also added to 1 ml 
ethanol and an aliquot of this ethanol solution is counted in order to 
determine the total coun ts added to the skin. A Packard scin tillation 
spectrometer, Model 3330, was used. 
After evaporation of the ethanol the other half of the chamber is 
placed on the skin and the chamber is clamped together and held at 
room temperature for any t ime that one wishes to observe entrance of 
the UVRAC into the skin. In an attempt to learn how much UVRAC 
has remained on the surface of the skin, ethanol is added on the stratum 
corneum side of the skin a t the end of the experimental period, stirred 
continuously with a rotating Tefl on-coated magnet, sampled after 1 . 
a nd 2 min and removed after 2 min. Ten III aliquots of this wash 
solu tion are counted. 
After washing, the skin is removed from the chamber, blotted with 
filter paper and the paper counted. A 2.4 cm' disc is cut from the center 
of the skin. The epidermis of this disc can be easily removed from the 
dermis (because of the previous heating) and it is dropped in to 10 ml 
J f Dimilume-30 (Packard Instrument Co., Downers Grove, IL) and 
counted. The thicker dermis is placed in Soluene-350 (Packard) over-
night and after solu tion is accomplished an aliquot is added to Dimil-
ume-30 and counted. Thus this technique permits us to determine at 
any time after application to the surface the quantity of UVRAC which 
remains on the surface and that which enters the epidermis and dermis, 
respectively. 
Measurement of Absorption of UV-Radiation by UVRAC-Treated 
Stratum Corneum 
A piece of stratum corneum from human abdominal skin obtained at 
autopsy, which had been prepared by heat separation followed by 
trypsinization according to t he method proposed by Kligman and 
Christophel's [8] is floated on water. A specially constructed cell com-
posed of 3 detachable parts (Fig 1) is used to ~ecure the stratum 
corl)eum for absorption measurements. Part (1) of the cell is brought 
up underneath the floating stratum corneum, thus filling the quaJ·tz 
hemisphere and leaving the stratum corneum on the surface. A retain-
ing ring (2) with short pins that fit into holes in (1) holds the stratum 
corneum in place and provides the glass cylinder to hold water for 
washing the surface. The final retaining ring (3) screws onto (1) and 
holds (1) and (2) tightly together with the stratum corneum held 
between the rings. 
The OD (we are using optical density as synonymous with absorb-
ance) of the stratum corneum is determined from 260-300 nm using a 
Beckman spectrophotometer #UV 5270 and a 6- inch integrating sphere 
equipped with a #R166 "solar blind" Hamamatsu photomultiplier tube 
which has a spectral response from 160 to 300 nm. This photomultiplier 
tube was chosen because both PABA and O-PABA flu oresce strongly 
between 320 and 380 nm when excited at 295 nm and this fluorescence, 
if seen by the detector, would indicate a falsely high transmission. With 
this equipment the incident radiation covers approximately 0.2 cm' of 
the stratum corneum. 
After scanning the untreated stratum corneum, UVRACs are added 
from a microsyringe using a volatile solvent (ethanol) or partially 
volatile solvent (1M in ethanol) . The UVRAC-treated stratum corneum 
is again scanned as soon as the ethanol has evaporated «5 min). 
Subsequently the tissue may be scanned after any t ime period and the 
effect of any transfer of the UVRAC fro m the surface into the t issue on 
the OD of the tissue determined. 
The ease of removal of the UVRAC with water can be determined 
by allowing water' to stand on the surface for any t ime period, removing 
the wash water, allowing the surface to dry and again scanning the 
tissue. 
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FIG 1. Chamber used for determining the OD of UVRAC-treated 
stratum corneum. The quartz hemisphere fits into an opening in the 
integrating sphere. 
In Vivo Test of the Effects of Penetration of UVRACs into the Shin 
and Removal by Water on their Protective Ability 
Ten fair-skinned volunteers in good health, with no history of pho-
to dermatoses and without evidence of a sun tan, participated in this 
s tudy. Informed consent was obtained from the volunteers. Initially 
minimal erythemal doses were determined on each volunteer. T he 
surface of a volunteer's back was divided into vertical columns. Ethanol 
solutions of PABA and O-PABA were applied along a column with a 
cotton swab. The swab was dipped into a solution for 10 seconds, 
removed and weighed rapidly to the nearest milligram on a Mettler 
balance. It was immediately rolled once up and down a column a nd 
quickly reweighed. From a knowledge of the concentration of the 
solution, the loss in weight of the wet swab and the area swabbed, th e 
amount of UVRAC per unit area can be calculated. The experienced 
investigator is able to apply nearly the same amount on each of several 
columns. We also feel that this method gave the most uniform distri-
bution of several methods tried. In various experiments we applied 
from 0.1-1.0 mg/cm' . 
All irradiations were performed with UVB Westinghouse FS40 bulbs 
which emit a characteristic spectrum between 280 and 400 nm with a 
broad maximum near 315 nm. The source was 15 em from the volun-
teer's back and the intensity of the irradiation was monitored with an 
International Light cosine-corrected broadband SEE240 UVB detector 
with a spectral sensitivity similar to the human delayed erythemal 
action spectrum. The irradiance so measured was 5 X 10- 4 W fcm 2• 
Doses were increased at the rate of either 25% or 40% of the preceding 
dose. 
The areas were irradiated within 5 minutes of app lication (immedi-
ate), or after a delay period of 1 to 2 hr. When the effect of washing was 
being studied, a stream of water was directed to the column for ten 
minutes after the delay period. The washed area was allowed to dry 
spontaneously and then irradiated. Erythemal response was evaluated 
24 hr after irradiation. 
RESULTS 
Penetration of UVRACs into Skin 
In studying the penetration of UVRACs into the skin we 
would have preferred to have determined the amount in the 
stratum corneum rather than the amount in the epidermis, but 
this would have required a more complicated separation of the 
skin and we believe that most of the material found in the 
epidermis is in the stratum .comeum. Most of those molecules 
which reach the prickle cell layer diffuse rapidly and for excised 
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FIG 2. Distribution of UVRAC 2 hr after application, with and 
without 1M. (See text for methods for determining amounts remaining 
on s urface and within the epidermis and dermis.) 
skin will accumulate in the dermis which has a much larger 
volume. 
We know of no way to determine precisely that part of the 
UVRAC which remains on the surface and that part within the 
stratum corneum; any washing procedure will remove some of 
the chemical from the stratum corneum. We have observed 
very little increase in the 2 min count as compared to the 1 min 
coun t, leading us to believe that very little comes from within 
the skin dw·ing t he 2-min wash. We chose to wash with ethanol 
rather than water because O-PABA has such low solubility in 
water but both compounds are soluble in ethanol. Counts of 
the filter paper used for blotting after washing are low, which 
leads us to believe that the 2 min ethanol wash removes most 
of the UVRAC which has not entered the skin. 
With this technique we rarely are successful in accounting 
for more than 85-90% of the applied dose. Within somewhat 
narrow limits, it has been our observation that the percentage 
of the applied dose of UVRAC which enters the skin is inde-
pendent of the amou nt applied. 
Figure 2 shows the results of a representative experiment; 
results are stated as t he percentage of applied dose which 
remains on the surface and in the epidermis and dermis 2 hr 
after the application of PABA or O-PABA with and without 
IM. Somewhat less than half of the applied amount of PABA 
remains on the surface; most of that which has entered t he skin 
is in the epidermis but some has reached the dermis. The 
presence of 1M may cause a minimal increase in the amount of 
P ABA entering t he skin. In sharp contrast to PABA, very little 
O-PABA seems to enter the skin; about 80% remains on the 
surface and t he presence of 1M seems to have li ttle or no effect. 
Because of biological variation and variations in the distribution 
of t h e UVRAC on the skin surface, the actual amounts remain-
ing on the surface and entering the skin val·y from experiment 
to experiment but the generalizations stated here are apparent 
in each experiment. 
Changes in Optical Density of Stratum Corneum (In Vitro) 
after Application of UVRAC and Subsequent Water Wash 
Figure 3a shows the changes in OD of stratum corneum after 
application of PABA: human stratum corneum (Curve 1) at 
wavelengths from 260 to 300 nm; the same piece of stratum 
corneum immediately after application of 0.5 IJ.M (69 IJ.g PABA) 
per cm2 (Curve 2); 2 hr after application (Curve 3); and after a 
30 min water wash (Curve 4). The OD is increased approxi-
mately 2-fold by the application of PABA and continues to 
increase for 2 Ill" after application, during which t ime it has 
been shown t hat PABA is entering the skin. Even though t he 
PABA has entered the skin, the OD decreases following a 30 
min water wash indicating that much of it has been removed. 
Apparently it is not tightly bound by the stratum corneum and 
can easily diffuse back out into the wash water. Quite similar 
changes in OD are seen when OD is measured following the 
application of PABA with isopropyl myristate (0.25 IJ.l/cm2 ) 
(Fig.3b). 
Different results are obtained when 0.5 IJ. (139 J.Lg) per cm2 0-
PABA are added to the skin (Fig. 3c). Curve 1 is the stratum 
corneum before treatment. An increase in OD is seen immedi-
ately after application (Curve 2) and the increase is greater in 
the longer wavelengths than in the shorter ones. Strikingly, 
there is no significant increase during the 2-hr period following 
application (Curve 3). Penetration studies had shown that 0-
PABA had not entered the skin . Even though the O-PABA 
does not enter the skin it is not removed by a 30-min water 
wash (Curve 4) and there is no change in the optical density. 
The increase in OD following application of O-PABA in 1M 
may be somewhat greater and some may be removed by wash-
ing although this was not always seen in duplicate tests (Fig 
3d). 
Again, as with the penetration study, differences between the 
curves following a lapse of time and with washing varied some-
what from skin to skin, but the curves shown are representative 
except that the water wash did not always remove as much of 
the O-PABA when applied with 1M, as is seen in Fig 3d. PABA 
by itself shows a distinct absorption peak in the wavelength 
range studied; it is surprising that this "peak" is not apparent 
when Curve 2 is compared to Curve 1 in Fig 3a and 3b. The 
absorption peak for O-PABA is apparent as Curves 2 and 1 in 
Fig 3c and 3d are compared. 
We were limited in the amount of water which could be used 
in the wash (5 ml). Because of the low solubility of the 
UVRACs, a larger volume of water might have removed a 
higher percentage of both compounds but we believe the differ-
ence between PABA and O-PABA would still have been ap-
parent. Two and three changes of water during the 30 minute 
wash did not seem to remove a higher percentage of either 
UVRAC. 
Effect of Penetration into the Shin and Water Wash on the 
In vivo Protection Factor 
When about 0.13 mg UVRAC/cm2 was applied to the skin of 
the backs of volunteel's in ethanol and one column was irradi-
ated immediately after the ethanol had evaporated and another 
column 2 hr after application, PABA offered better protection 
2 hr after application than when exposed immediately, but 0-
P ABA showed no difference. The intensity of erythema which 
developed in the test areas at 24 hr after irradiation is shown in 
Table I. Diffusion into the skin, which is characteristic of PABA 
but not of O-PABA, appears to potentiate the protective ability 
of the UVRAC. 
As seen in Table II, when 1 mg UVRAC/ cm2 was applied to 
the skin of the back in ethanol, allowed to remain on the skin 
for 1 hr and then washed for 10 min, much of the PABA seems 
to have been removed by washing but very little of the 0-
PABA. This removal occurs even though it has been shown 
that PABA enters the skin but O-PABA seems to remain on 
the sm"face. 
DISCUSSION 
Most in vitro methods for studying percutaneous absorption 
observe the amount of material penetrating completely through 
full-thickness skin or epidermis. They seldom observe the 
amoun t of material held within the stratum corneum. This is 
an important parameter in studying the efficacy of a sunscreen. 
Also, in topical therapy, the amount of material held by the 
stratum corneum is a measm"e of the "reservou" effect ." The 
ability to localize a chemical within a specific skin tissue is of 
considerable importance in observing the metabolism of that 
chemical by the skin [9]. 
Our general knowledge of t he effect of specific groups on the 
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FIG 3. Changes in OD of stratum corneum in vitro after application of UVRAC, with and without 1M, and after water wash. Curve 1-
Stratum corneum alone; Curve 2-lmmediately after application of 0.5 J-LM/cm 2 UVRAC; Curve 3-2 hI' after application of UVRAC; Curve 4-
After 30 min water wash. 
ability of a molecule to enter the stratum corneum and move 
through it would have led us to believe that a-PABA, the 
molecule with the fewer polar groups, would have penetrated 
the skin better than PABA. Contrary to these expectations, our 
results show that PABA enters the stratum corneum more 
rapidly and diffuses through it quite readily; its polar groups, 
- COOH and - NH2, seem not to retard significantly its diffu-
sion. , 
The solubility of an UVRAC in any nonvolatile vehicle which 
may be used will significantly influence the subsequent entry of 
the UVRAC into the skin. The greater the solubility of the 
UVRAC in the stratum corneum compared to its solubility in 
its vehicle, i.e., its partition coefficient, the more readily will it 
enter the skin. The nonvolatile vehicle we chose, 1M, seems not 
to have influenced entrance into the skin significantly in com-
parison to entrance from the pure chemical. Other vehicles 
might have greater effect. 
Spectrophotometry is commonly used for observing absorp-
tion characteristics of UVRACs in various vehicles or after 
application to the skin. Any method which does not use an 
integrating sphere may miss radiation scattered by the skin. 
Our specially constructed cell, used with an integrating sphere, 
will detect all the transmitted radiation. Also, when the stratum 
corneum is mounted on this cell the outside cell layers are dl'Y 
and the inside layers hyill'ated as in in vivo conditions. If 
changes in aD are being observed over an extended time period 
a cell of this type is necessary in order to prevent the inside cell 
layers from drying out. By using a solar blind detector, fluores-
cence of the UVRACs is not detected. 
The increase in aD which is seen as PABA enters the skin 
might have been predicted. The mechanism involved in this 
effect depends on the physical state and distribution of the 
P ABA on the surface and within the stratum corneum. Origi-
nally, subsequent to the evaporation of the ethanol, PABA is 
present on the surface as crystals. These crystals per se transmit 
very little radiation at the absorbed wavelengths, but some 
radiation may pass between the crystals, i.e., a "sieve effect" 
[10]. As some of the PABA leaves the surface and diffuses into 
the tissue, absorption by the remaining crystals probably does 
not decrease significantly but now with redistribution of some 
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TABLE I. Effect of a 2-hr delay on the protective ability of PABA 
and O-PABA (0_13 mg/cm 2) 
Exposure 'lose PABA O-PABA 
mJ/cm- Immediate 2-hr Delay Immediate 2-hr Delay 
32 ± 0 0 0 
40 ± 0 0 0 
50 + trace 0 trace 
63 + ± t race ± 
78 + ± ± ± 
98 + + + + 
122 ++ + ++ ++ 
153 ++ ++ ++ ++ 
191 ++ ++ ++ ++ 
238 ++ ++ ++ ++ 
298 ++ ++ ++ ++ 
373 ++ ++ ++ ++ 
The MED for this volunteer was 20 mJ /cm2. Code: 0 = No ery-
thema; ± = Pink area with no definite border; + = Pink area with well 
defined border; ++ = Pink/ red area with well defined border and no 
e d e m a; +++ = Red with edema; N .D. = Not done. 
TABLE II. Effect of lO-min washing after 1-hr contact on the 
protective ability of PABA and O-PABA (I .O mg/crn2) 
Exposure 2 PABA O-PABA Control: no PABA 01' 0-dose mJ/cm Unwashed Washed Unwashed Washed PABA 
10 0 0 0 0 0 
14 0 0 0 0 0 
20 0 0 0 0 + 
28 0 0 0 0 + 
40 0 0 0 0 ++ 
56 0 ± 0 0 +++ 
78 0 + 0 0 +++ 
110 0 + 0 0 +++ 
150 0 +++ 0 0 +++ 
195 0 +++ 0 ± N .D. 
245 0 +++ 0 + N .D. 
300 0 +++ 0 + N.D. 
420 0 N .D. 0 N .D. N.D. 
508 0 N.D. ± N.D . N.D. 
Code: See Table I. 
of the PABA into the stratum corneum, it reaches the "spaces" 
between the crystals. There results an increased physical cross-
section of the absorber with an accompanying overall increase 
in OD_ 
Kaidbey and Kligman ell] have reported that the sun pro-
tective factor for PABA is lower 5 hr after application than it 
is immediately after application. We have shown an increase in 
OD in vitro and an increase in protective capacity in vivo two 
hours after application of PABA. Without comparing in detail 
the 2 techniques used it is not clear why the observations of 
Kaidbey and Kligman on the changes in protective capacity 
with time following application appeal' to differ from ours. 
In vivo protection will be decreased if an UVRAC leaves the 
surface and the stratum corneum, passes into the skin, reaches 
the papillary dermis and is taken up by the bloodstream. Loss 
of protective function by this mechanism is probably very 
liInited but entrance of even small amounts of an UVRAC, such 
as PABA, into the blood flow is potentially harmful since it 
may be pharmacologically and immunologically active. 
We might have expected that a substance which enters the 
stratum corneum would be more resistant to water removal 
than a substance which remained on the surface. This would be 
especially true if on entering the stratum corneum the substance 
were bound by some forces to the stratum corneum. It has been 
our observation that on entering the stratum corneum PABA 
moves easily within it, which also permits it to diffuse out of 
the stratum corneum rapidly when water is placed on the 
surface. O-PABA, on the other hand, is not easily removed 
from the surface, probably because of its very limited water 
solubility. 
When PABA is used in a volat ile vehicle, its absorbing 
capacity will increase somewhat during the fIrst 2 hr following 
application; it will, however, be washed from the skin fairly 
easily. The absorbing capacity of O-PABA in a volatile vehicle 
does not change during the fIrst 2 hr after application; it is not 
easily washed from the skin by water. 
The methods described here follow the entrance of UVRACs 
into the skin and evaluate changes in their protective capacity 
as they enter the skin and are subsequently removed by a water 
wash. We do not present these methods as substitutes for 
methods used for the evaluation of the protective and substan-
tive characteristics of commercially available sunscreens. 
Rathel' these methods are useful for the evaluation of different 
UVRACs and vehicles used in sunscreens and such methods 
should be helpful in the formulation of new sunscreens. We 
hope the methods will aid in a better understanding of the 
mechanisms of the protective action of sunscreens and their 
substantivity. 
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